Development and validation of a sensitive GC-MS method for the determination of alkylating agent, 4-chloro-1-butanol, in active pharmaceutical ingredients.
The analysis of genotoxic impurities (GTIs) in active pharmaceutical ingredients (APIs) is a challenging task. The target detection limit (DL) in an API is typically around 1 ppm (1 µg/g API). Therefore, a sensitive and selective analytical method is required for their analysis. 4-Chloro-1-butanol, an alkylating agent, is one of the GTIs. It is generated when tetrahydrofuran and hydrochloric acid are used during the synthesis of the APIs. In this study, a sensitive and robust gas chromatography-mass spectrometry (GC-MS) method was developed and validated for the identification of 4-chloro-1-butanol in APIs. In the GC-MS method, 3-chloro-1-butanol was employed as an internal standard to ensure accuracy and precision. Linearity was observed over the range 0.08 to 40 ppm (µg/g API), with a R(2) value of 0.9999. The DL and quantitation limit (QL) obtained were 0.05 ppm and 0.08 ppm (0.13 ng/mL and 0.20 ng/mL as the 4-chloro-1-butanol concentration), respectively. These DL and QL values are well over the threshold specified in the guidelines. The accuracy (recovery) of detection ranged from 90.5 to 108.7% between 0.4 ppm and 20 ppm of 4-chloro-1-butanol. The relative standard deviation in the repeatability of the spiked recovery test was 6.0%. These results indicate the validity of the GC-MS method developed in this study. The GC-MS method was applied for the determination of 4-chloro-1-butanol in the API (Compound A), which is under clinical trials. No 4-chloro-1-butanol was found in Compound A (below QL, 0.08 ppm).